For bacteriological work the usual cotton wool plugs cannot be used, as one plug will catch fire when the other tube is opened and its mouth flamed. For this reason the tubes are provided with glass caps which are quite safe in protecting the medium from contamination.
The long neck of the tube is inclined in two directions: backwards and leftwards. This ensures more comfortable handling and at the same time prevents the liquid from being spilt out of one tube when manipulations are being carried out in the other, with both inclined.
Different grades of anaerobiosis can be obtained easily by covering the surface of the liquid with paraffine oil or by placing the whole apparatus in an anaerobic jar.
This feature of the tube promises a very large field of usefulness, which is at present impossible even to foresee. It appears that twin tubes might be of a considerable service in the following fields:
(a) In the study of ultraviruses (Protobes) and particularly the bacteriophage.
(b) In the study of filtrable forms of bacteria.
(c) In the study of symbiosis.
(d) In studies on synergism and the reciprocal influence of micro6rganisms.
(e) In the study of bacterial metabolism. If one tube is seeded with micro6rganisms, the products, if a sufficiently porous membrane is used, will pass into the other tube; the liquid can be taken out of that tube at any desired moment without interfering with the growth in the first tube.
(f) In the study of delicate micro6rganisms like B. pneumosintes. A piece of tissue can be placed in one compartment, the other being inoculated with the microorganisms (Gates' method).
(g) In the cultivation of protozoa. The protozoa can be cultivated in one compartment, the nutrient medium being changed regularly in the other. That will dispense with too frequent transfers of the organisms.
For the measurement of its permeability and for use as a filter the membrane is mounted in a Zsigmondy funnel.' This consists of an ordinary procelain funnel with a widened ground border, a concave or flat perforated disc to support the membrane and a bordered porcelain ring to hold the membrane and the liquid above it. Two aluminium rings tightened by means of three screws are employed to connect up the whole system and Indiarubber rings are placed between each of the porcelain parts ( fig. 3) .
A thick filter paper disc, 7 cm. in diameter, is first placed on the perforated disc and the membrane laid on it. The paper disc is required to ensure that the whole working surface of the mem- FIG. 3 brane is brought into play and not only the parts lying above the holes of the porcelain plate.
All parts of the apparatus must be dried with an absorbent rag, particularly the India-rubber rings, which must also be slightly powdered with french chalk, so as to prevent adhesion either to the membrane or to the porcelain during sterilization. The surface of the membrane is also cautiously dried with filter paper to prevent the talcum from being squeezed out while the various parts of the funnel are being clamped together.
If a concave supporting plate is used, the membrane needs special preparation to enable it to withstand the necessary distortion. It is first mounted in the ordinary way, all the parts of the funnel being tightly clamped together with the metal rings. Although sometimes recommended, the screws should not be slackened, as the edges of the membrane will tend to slip inwards while the membrane is adjusting itself to the concave surface and the joint between it and the porcelain plate will not have the required tightness. Once the membrane is in position, the funnel is mounted on a suction flask and a liberal amount, 20 to 30 cc., of alcohol is poured on it. This makes it much more elastic. A very slight negative pressure is nlow applied. This is best done with the mouth, the suction continuing very gradually until the membrane lies on the surface of the concave plate. The alcohol is now either poured off or allowed to filter through anad is replaced by water which is also filtered through to wash out the alcohol. It must be remembered that alcohol treatmnenit cani only be applied to very porous membr-anes. rhe permeability of less permeable membranes chaniges considerably tutntder the influence of alcohol.
The best way to ensure satisfactory working is to mount the funnel and the test tube which is to receiv,e the filtered liquidl, before sterilization. This is (lone as follows:
An India-rubber stoppei,niiot more than 30 to 35 mm. in length, whose diameter corresponds to the neck of the suction flask to be used, is bored with a hole of 9 mm. The upper part of the boring is suitably enlarged to allow of the conical part of the funnel beinig inserted veiry deeply into it, thus leaving free more of the tube part of the funnel. A second stopper 20 to 25 mm. long anid about 24 mm. in diameter is perforated with two holes--one 7.8 nmm. and the other 1 mmy. broad. iA cuneiform piece from the upper edge of the smaller stoppei is cut out, so as to make a side opening for the smaller hole. A capillary glass tube, one of whose enlds has been ground like the point of a hypodermic needle, is now inserted into the small hole and the stopper in its turn adjusted to the stem of the funnel below the larger stopper. A test tube is then fitted to the smaller stopper ( fig. 4) . Another method is to replace the small India-rubber stopper with a non-absorbent cotton wool plug, which must be wound round the funnel tube very tightly. Precautions must be taken to prevent this plug from being moistened during sterilization and filtratioin. After filtration the funnel is taken off and the test tube removed and plugged with sterile cotton wool.
An air filter inserted so as to filter the air returning to the flask prevents contamination of the filtered solution. During sterilization of the apparatus the membrane is apt to distend and become waved, so that when it is exposed later to negative pressure, it is liable to get folded and to break. Where a concave plate is used, the film may become unduly stretched and torn if the suction is not applied very cautiously.
To prevent this a strongly rolled disc of cotton wool 2 to 3 cm.
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on September 23, 2017 by guest http://jb.asm.org/ Downloaded from thick and of the same diameter as the open part of the membrane is placed on the membrane. This is thoroughly moistened and covered with a perforated porcelain disc 6 cm. wide, one that is used to support the cotton wool in an ordinary funnel. The disc is then strongly pressed down and held tight by two springs. To note the number and permeability of the membrane a small ivory key label is attached and necessary notes written with an ordinary pencil. These labels stand the sterilization well. The whole apparatus can now be safely sterilized in the autoclave at 1100C. for fifteen to twenty minutes. Sterilization at higher temperature affects both the membrane and the Indiarubber parts.
MEASUREMENT OF PERMEABILITY
When estimating the permeability of a filter, it must be remembered that the meshwork of the membrane is not regular, but consists of a number of pores of varying and unknown size. In filtration work only the size of the largest pores is of importance, for it is by these alone that the retaining capacity of any ifiter is judged. Unfortunately, there is no simple method of measuring the size of these. The following methods have been suggested for this purpose:
1. The use of different colloidal suspensions containingparticles of known size. This method perhaps would give reliable results if phenomena which occur during the process of "filtration" were known. Up to the present, no series of graduated suspensions each of which contains particles of known size, electrical charge and absorptive power has yet been satisfactorily prepared.
2. Bechhold's method implies the determination of the pressure at which a wet membrane allows air to pass through. This method is too complicated for routine use, as it requires special apparatus and can only measure narrow ranges of permeability.
3. Gu6rout's method is based "on the assumption that the membrane acts like a bundle of capillary tubes having a length equal to the thickness of the membrane and that the law of Poiseuille applies to the flow of the water through such short and narrow tubes" (Hitchcock4). This method appears to be more practical, but is still too complicated for routine use. Moreover, it determines the mean diameter of all the pores and not the diameter of the largest ones.
Recourse must, therefore, be had to a method which has the merit of practical convenience and by which we can compare different series of membranes. Determination of the actual size of the biggest pores or of their mean diameter can be used as a control of the simplified method described below.
4. Experience and comparative measurements of the pores by one of the methods mentioned above show that the difference in the rate of the flow of the water through a series of membranes similarly prepared depends mainly on the difference in the size of their pores. If the size of the pores is reduced, however, the number per square unit may increase and the ratio between size and rapidity of filtration will be altered. Nevertheless, for practical purposes we can accept the fact that the less the rate of the flow the smaller are the pores. If, therefore, we determine the time necessary for a definite amount of water to pass through a membrane of definite size under a fixed pressure, we can then compare membranes of our series and by arranging them in order of the time data obtained, we will at the same time arrange them according to the size of their pores. Such a determination is fairly satisfactory for routine work. It permits of membranes being divided into convenient groups according to their permeability. It is thus possible to study the properties of these groups and select the particular membrane suitable to the requirements of the work in hand, and by using the same technique in their preparation produce others which are more or less identical.
This method is used for numbering the membranes prepared by Zsigmondy and Bachman's patent (D. R. P., Nos. 329, 117 and 329, 060) and put on the market by Messrs. Membrane Filter, Gottingen. These membranes bear the number of seconds necessary for 100 cc. of water to pass through 100 sq. cm. of membrane under a pressure of one atmosphere. As my membranes are prepared by a different method and, as consequently, the numerical data of the two are not comparable, I have found it advantageous to change the pressure required to 60 cm. of Hg. This pressure is sufficient and is easily obtained by means of an ordinary suction pump.
In my method, measurements are made by means of a very simple device which I call a "Permeometer," and which has proved to be very reliable and fairly exact. It operates on the same principle already described for measuring the permeability of collodion sacs. The apparatus consists of a part of a burette or pipette mounted on a large India-rubber stopper corresponding to the opening of a Zsigmondy's funnel. This is mounted on the funnel and the whole is fitted to a suction flask ( fig. 5) . The funnel and burette are filled with water until the level rises above the highest mark. When a negative pressure of 60 cm. Hg is applied, the water level in the burette begins to fall. When it drops to the upper mark on the burette the stopwatch is set going. The time required for the number of cubic centimeters of water equal to the number of square centimeters of the working surface of the membrane to filter through, is determined. Thus, if the surface of the membrane is 35 sq. cm. the number of seconds required for 35 cc. to pass through the membrane should be noted.
To shorten the operation, burettes or pipettes of three different sizes are used and the total amount of water measured varies according to the permeability of the membrane. Thus, for a permeable membrane (10 to 100 seconds), a large burette of some 45 cc. capacity is employed and the whole quantity of liquid, i.e., 35 cc. is allowed to pass through. For less permeable membranes (100 to 1000 seconds) a 5 cc. pipette divided into tenths is used and 3.5 cc. of water are measured, while for very dense membranes (1000 to 4000 seconds) a 1 cc. pipette divided into hundredths is used to measure only 0.35 cc. of water.
In this last case, it is impossible to fill the funnel through the 1 cc. pipette. For this purpose, a small separating funnel with a long stem is inserted through the stopper along with the pipette and so arranged that the level of water in the former can reach above the top mark on the pipette. The apparatus is filled through the funnel, the air escaping up the pipette, until the latter is filled with water. ' The membrane itself being electronegative, the size of the pores alone will determine the passage or retention of suspensions made up of particles carrying a negative charge. On the other hand suspensions containing positively charged particles will be retained in most cases quite independently of the relative dimensions of the particles and pores, because the phenomenon of coagulation and adsorption will take place.
In the case of electronegative suspensions, however, the phenomenon of adsorption introduces a very serious complication. Many electrically negative suspensions with particles of small size will not pass through a large pored and negatively charged membrane, but will be adsorbed by it. Thus, for instance, a solution of congo red, a negative colloid, will not pass through a very porous membrane until saturation of the membrane has occurred. Ether. Ethylic ether serves only as a solvent and a diluent. It must be pure and, especially, free from acid. The amount of ether added has only a very slight influence on the resulting permeability of the membrane, provided that the same amount of celloidin and of the other ingredients be used per unit of surface. This property of ether is of advantage when it is found necessary to dilute the celloidin solution to make it easier to spread on the surface of the glass. The time of drying is only slightly increased under these conditions and the permeability of the membrane will be slightly increased or decreased due to the longer exposure to the dry or humid air respectively.
Alcohol. The addition of alcohol makes the membrane more permeable. At the same time it makes it brittle and more difficult to handle. For that reason I prefer to keep the quantity of alcohol used as low as possible.
Ether-alcohol mixture. This acts as a solvent and a diluent, nitrocellulose not being soluble in either of the two separately. Used as a diluent it changes the membrane in two ways: it reduces the celloidin content, and relatively increases the quantity of alcohol, thus producing a more permeable and brittle membrane.
Used as a solvent, the proportions alcohol 25 and ether 75 parts were chosen as containing the smallest quantity of alcohol required to dissolve the celloidin while at the same time giving a membrane of sufficient strength.
Compared with other solvents, the alcohol-ether mixture has the following advantages:
1. The film is not left to dry completely, as is the case, for instance, in Bachmann and Zsigmondy's process, but is put in water immediately after the ether has evaporated and the collodion has set in the alcohol which remains. As a result of this treatment the process takes less time and the membrane is much less influenced by the humidity of the air. For instance, Zsigmondy and Bachmann in describing their patent process give an example where membranes were prepared with a solution of celloidin in a mixture of acetone-acetic acid, and dried in atmospheres of varying humidity. The same solution gave a membrane of 50 seconds in a humid atmosphere and a nonpermeable one in a dry one. To determine the influence of humidity on my membranes I placed the films under a bell jar, in an air current which was either dried by calcium chloride or moistened by passing it through water. The membrane which set in damp air was only twice as permeable as the other one.
2. Experiments seem to indicate that membranes of similar permeability and containing the same amount of celloidin per unit, but prepared with different solvents, have pores of very different dimensions. Thus, in my hands a 20 seconds-or even a 25 seconds-membrane prepared with a 6 per cent solution of celloidin in acetone-acetic acid often let bacteria pass. On the other hand, bacteria were always retained by a 15 seconds-membrane made with an alcohol-ether solution of similar concentration (with addition of acetic ether). This means that an "alcoholether" membrane has a greater number of smaller pores per unit of the surface than a membrane made with acetone-acetic acid and consequently a similar degree of filtration can be obtained with the former in a shorter time.
Celloidin give a very even film, while in others the "net" design is very pronounced. Some batches again are much more or considerably less sensitive to the addition of the different ingredients than others. It follows therefore that every stock solution must first be "titrated" by measuring one or two membranes prepared with standard dilutions, e.g., 6 cc. stock solution with 9 cc. alcohol-ether mixture.
Acetic ether. If acetic ether is added to a solution of celloidin it greatly increases the permeability of the membrane. A very small quantity-0.1 cc. for 15 cc. of celloidin solution-is sufficient to produce this effect. Table 1 gives an example of the variations produced with one of the batches.
It is obvious that celloidin solutions are very sensitive to the addition of acetic ether, as the addition of 0.1 cc. produces a change of about 50 per cent in the permeability of the resulting membrane. The addition of the acetic ether in smaller quantities, such as 0.01 cc., gives irregular results and is, therefore, of little use.
Formic ether. It has the same action as acetic ether, but has the advantage that the change of permeability is much more gradual. Used in combinations with acetic ether it helps to produce a series of membrane filters with a very gradual rise in permeability. Table 2 gives an example of this.
Amylic alcohol. In a previous publication,5 I pointed out that amylic alcohol has a reverse action to the acetic ether, i.e., its addition reduces the permeability of the membrane. This was true for the particular batches of colloidin and amylic alcohol used at that time. Further tests have shown, however, that the action of amylic alcohol is very irregular and can not be depended on. As a detailed chemical study of the cause of these irregularities could not be carried out, its use was discontinued. A more reliable substitute for amylic alcohol, by means of which the permeability of the membrane can be reduced, has not yet been found. If a series of membranes is required in which the permeability has to be very low, say, 2000 to 4000 seconds, it is necessary to As the chief property of collodion membranes depends on the fact that when a suspension of electronegative corpuscles (bacteria, etc.) which is not adsorbed by the membrane is filtered, the corpuscles are retained by the size of the pores and not because of the intricacy of channels (as occurs in porcelain ifiters) it follows that the microorganisms can never grow through the membrane, and further that the electro-negative corpuscles, if retained, lie on the surface of the membrane only and not in the pore channels. Collodion filters thus have two great advantages from the technical point of view: (a) the sediment on the membrane can be collected with very little loss, and (b) the filters can be very easily cleaned and thus can recover a great part of their filtering capacity. (Chamberland, Berkefeld, etc.) we have the advantage of dealing with a factor which can be more easily studied. In mineral filters the intricacy of the channels and adsorptive power of the filter play the main role. In changing the porosity of a candle filter we introduce unknown factors, whereas the properties of the membrane filters can be much more closely controlled. Many fields of biological research would gain much in exactness and certitude if standardised membrane filters were used for purposes of filtration. Thus, in using the membrane ifiters with pores of known size it would almost certainly be possible to divide the ultramicroscopic world into convenient groups and improve on the present vague notions held as to "filtrable forms of bacteria," "filtrable viruses," etc.
Considerable experience in the preparation of membrane filters and in the study of their properties has convinced me that, under proper conditions of experimental work, sufficiently accurate laws governing the properties of these membranes and the methods to be employed in their preparation can be obtained. A room specially adapted for the purpose would, however, be required to carry out the necessary experiments. This room would have to be well ventilated, but without obvious air currents and, most important, it should be possible to change the temperature and humidity of the air at will. Working under such conditions, I am sure that it would be possible to discover exact rules which would enable anyone to prepare membrane filters of the required permeability under any conditions. The aim of this publication is to attract attention to the advantages of membrane filters and to share my technical experience with other workers who may find opportunities for a more exact study of the question. 
